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INTRODUCTION 

THE CEPHALOpops have been known for their economic 
potential as food. They are also of immense biological 

interest, being highly evolved molluscs with a degree of 
learning ability comparable to that of some vertebrates. 
Most of the investigations made in this group were on the 
species Sepia officinalis (WeEtts, 1962) and <only in less 
than half a dozen do we know anything about the general 
biology, physiology and reproduction= (ApAM «& REEs, 

1966). 
Practically no studies have been conducted on the cuttle- 

fishes in waters around Singapore. The aim of the present 
investigation is to study the food and feeding habits of 
Sepiella inermis (Férussac & d9Orbigny), a species of cuttle- 
fish found in local waters. 

Biwper (1966) stated that all known living cephalo- 

pods studied are active predators, swimming in pursuit of 
their prey. Sepza officinalis has been observed to feed on 
crabs, prawns, shrimps and fish by many workers (MEs-. 

SENGER, 1968; WELLS, 1962, and Witson, 1946). Férus- 

SAC & D OrBicny (1848) also observed Sepiola atlantica 

feeding on small molluscs and fish, while Idiosepius sp. 
was seen feeding on gammarids (Sasaki, 1929). But no 
report has been made so far on Sepiella inermis. 

MATERIALS anp METHODS 

Sepiella inermis is identified by its ovate mantle with 
chromatophores concentrated in the mid-dorsal region; it 
can be distinguished from other cuttlefishes by the series 
of shiny white elliptical markings on the margin of the 
mantle at the base of the fins. These ellipses numbered 
from 7 to 9 pairs. Just anterior to the junctions where the 
fins meet posteriorly is a round brown spot marking the 
position of a gland which opens on to the ventral side via 

the glandular pore. The cuttlebone of this species lacks 

the rostrum which is present in other Sepia species (ADAM 
& Rees, 1966). 

Specimens were collected from a kelong, a fixed palisade 
trap, using light as a lure to attract fish, in the Straits of 
Johore, situated to the north of Singapore Island. Sepiella 
imermis were caught individually with a scoop net. Special 

care was taken not to injure the specimens which were 
required live for laboratory studies. Slight injury of the 

thin epithelium often resulted in a high mortality in the 
laboratory in less than 3 days. The animals were trans- 
ported to the laboratory in polyethylene bags containing a 

few centimeters of seawater and an atmosphere of oxygen. 

In the laboratory live animals were carefully kept in 
clean plastic tanks (35cm x 18.3cem  21.5cm) with 

a layer of about 4cm of coral sand and 3 | of seawater. 

Rubber gloves were used when handling or transferring 

the animals. Temperature was kept at about 25 to 27°C. 
Continuous aeration of the water was essential because 

the oxygen consumption of the animals is high and the 
cephalopod respiratory mechanism is not adapted to cope 

with any downward fluctuation of oxygen, even of the most 

temporary nature (WELLS, 1962). Care was taken not to 

excite the animals whose sudden movements normally 

resulted in injury due to collision with the tank walls. 

Sudden flashes of light from lamps and movements of ob- 
jects or people were kept at a minimum. To minimise the 
effects of these factors, the aquarium tanks were kept 
behind curtains and covers. 

Animals for the study of stomach contents were pre- 
served in 5 to 10% formalin immediately after capture. 

Temporal variations in diet and feeding habits of adult 
and juvenile Sepiella inermis were evaluated by the month- 
ly percentage occurrence of the types of food consumed as 

well as the monthly feeding intensities by examining the 
stomach contents of the specimens caught in the field. At 

the same time, experiments in the laboratory were de- 
signed to test the food selectivity of S. znermis with differ- 

ent types and sizes of prey and the results were compared 
with the field data. 
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Stomach Contents 

For the study of stomach contents, specimens were caught 

at fortnightly intervals at the collection site. The mantle 
length, the distance between the tip of the mantle and the 

junction of the fins at the posterior end, and the mantle 

width at the broadest region of each specimen were meas- 
ured. Each individual was considered as immature or 
juvenile when no sexual organs were detected. Mature 

specimens were identified from the sexual organs, such 
as testes and genital duct in the males and ovaries and nid- 
amental bodies in the females. 
A total of 71 stomachs were examined and the percent- 

age number feeding was calculated for each month as a 
measure of monthly feeding intensity of the population 
from the formula 

number of stomachs with food 

total number of stomachs examined 
x 100 

The specimens examined were divided into 3 categories: 
juveniles, adult males, and adult females. 

The degree of feeding for each individual was also 
noted and classified in the following manner: 

E 4 8empty9 4 when the stomach was empty 

S 4 8slight9 - when the stomach was not distended 

and there was little food 
M - 8medium9 - when the stomach was slightly dis- 

tended with food 

H -4 8heavy9 4 when the stomach was fully distended 

with food and usually occupied 4 of the 
mantle cavity 

and the proportions of stomachs for each degree of feeding 
were also calculated for each month. 

The percentage monthly occurrence of each food type 

consumed by the animal was calculated by 

number of stomachs with food type 
: < 100 

total number of stomachs examined 

The percentage monthly occurrence of the food item was 
determined for 2 size categories of Sepiella inermis: those 
smaller than 25mm (immature) and those larger than 

25mm (mature) in mantle length. The 25mm length co- 

incided with the length of the smallest mature specimen 
examined. 

Laboratory Experiments 

In the laboratory 2 experiments were carried out: one to 
determine the selectivity of Sepiella inermis towards prey 
types and the other to determine the selectivity towards 
the prey size. 

THE VELIGER Vol. 16; No. 4 

Animals used were acclimated for a period of at least 
3 days. They were then starved before the start of each 
experiment. This was to minimize the differences in the 
degree of hunger. Each experimental animal was kept in 

a separate tank so that no complications, such as inter- 
ference from or social facilitation between predators was 
present (Hoiune, 1966). 

To determine food preference, prey types offered to the 

predator were fish (Poecilia reticulata), prawns (Acetes 

sp.) and crabs (Dotilla sp.). These prey animals corre- 

sponded quite closely to the type and size of prey consumed 

by Sepiella inermis in the natural environment. At the 

start of the experiment, 10 of each prey type were offered 
simultaneously to the predator. After half an hour, the re- 
mainder of each type of prey left uneaten was noted. Two 
sizes of cuttlefish and 2 individuals of each size class were 
studied. The sizes within each prey type offered were kept 
as constant as possible: 

Poecilia reticulata 4 20mm standard length 
Acetes sp. 4 3 to 5mm carapace length 
Dotilla sp. 4 20mm carapace width 

In the experiment designed to study the effect of prey 
size on food preference, only Poecilia reticulata were of 
fered because it was the only prey type that was readily 

eaten by all sizes of cuttlefish. The 2 sizes of Poecila reti- 
culata offered were 10mm and 30mm standard length, 
Two sizes of predators, 20mm and 40mm mantle length, 

were studied. On the first day of the experiment, a mixed 

offer consisting of 5 10mm and 5 30mm P reticulata was 
presented. Two days later, a pure offer consisting of 10 

10mm fish was made and subsequently, after another 2 
days a pure offer of 10 30mm prey animals was made. 

At the end of half an hour after each offering, the remain- 
ing number of prey animals of each size group was 
noted. The intervals of 2 days between each 2 feedings 
were made to insure that all the predators were properly 

starved. Three replicates were conducted for each size 
group of predators. 

RESULTS 

Predatory Behaviour 

The capture of fish by Sepzella inermis is similar to that 
described for the capture of prawns by Sepia officinalis 

(MeEssEencER, 1968). The whole predatory behaviour is 
composed of 3 main phases: attention, positioning, and 
seizure. 

When the prey (Poecilia reticulata) was offered, the 
eyes of Sepiella inermis, which normally rested half-buried 
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in the sandbed, were seen to focus on the prey and follow 

its movements for a few seconds. Then the cuttlefish 
elevated itself slowly out of the sandbed and swam to- 
wards the prey. At the same time, during this <attention= 

phase, a general darkening of the body was observed. 
The cuttlefish approached the prey slowly and posi- 

tioned itself at a distance about its own body length away 
from the prey. In a few individuals this positioning was 
followed by the raising of its first and second pair of arms. 
It is suggested that this behaviour, which was also observed 

by MessENceER (1968) in other species, probably serves 
to distract the prey. However, in the majority of Sepiella 
inermis, this raising of arms was not observed. Whenever 
the prey moved, the cuttlefish followed, thus always posi- 

tioning itself in line with the prey. 
In some individuals the prey was seized soon after posi- 

tioning while in others the predator remained stationary 

in midwater for some time before attacking. In healthy 
cuttlefish during the seizure phase the tentacles were pro- 
jected at the prey with great precision. However, the ten- 

tacles were not so effectively employed to capture the prey 
by cuttlefish which had been kept in aquaria for more 

than 4 weeks. These cuttlefishes appeared to have lost 
their ability to project their tentacles with accuracy. 
The projected tentacles did not seem to extend to their 

fullest and often fell short of the prey. These cuttlefishes 
often capture their prey with their arms instead. This 
change in behaviour was often observed in cuttlefish a 
few days prior to their death. This symptom may be in- 

dicative of an unhealthy cuttlefish. 
When crabs (Dotilla sp.) were offered, the attention 

and the positioning phases were similar to those described 
for the capture of fish, except that a longer time was spent 
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hovering above the crab. The crab was seized either with 
the tentacles or with the arms. Boycott (1958) and WiL- 
son (1946) reported that attacks on crabs were made 
from the posterior end of the crab, probably to avoid the 
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_ pincers. However, observations of Sepiella inermis con- 
firmed MessENceER9s (1968) report that head-on attacks 
were also made. The direction of attack was probably de- 

termined by the size of the prey9s pincers and the state of 

hunger of the predator. 
MESSENGER (1968) noted that Sepza discards the an- 

tennae and rostrum of prawns and the carapace, chelae, 
and walking legs of crabs. However, in starved Sepiella 
inermis all parts of the crab and fish were consumed, while 

individuals which had already consumed a few prey speci- 
mens often discarded fish heads. 

- MESSENGER (1968) suggested that prey animals were 
probably killed by cephalotoxins injected into them by the 
predator. However, Poecilia reticulata removed from Sep?- 
ella inermis after the first bite were found to survive up to 

15 minutes, which is longer than that recorded for prawns 
seized by Sepia sp. (MESSENGER, of. cit.). It would appear 

that the cephalotoxin of Sepiella inermis was either ab- 
sent or not as potent as that found in other species of 
cuttlefish. 

Food Preference and Feeding Intensity 

Generally the monthly percentage number feeding in the 

juvenile, adult male and adult female Sepiella inermis was 

high throughout the period of this study (Table 1) indicat- 
ing that feeding was continuous and probably non-season- 

al. The females showed the highest percentage number 
feeding, with the lowest percentage number shown by the 
juveniles. This low percentage feeding index of the juve- 

nile could probably be due to the inavailability of suitable 
prey animals of the right size. 

The juveniles fed moderately in the months of April 
and July, and heavily in May and June as shown by the 
monthly feeding intensity (Table 2). About 50% of the 
mature males generally showed heavy feeding in all the 

months except in April. The mature females generally 

Table 1 

Percentage Feeding in Juvenile, Adult Male and Adult Female 

Sepiella inermis 

Month Juveniles Adult Males Adult Females 
% feeding No.exam. % feeding No.exam. % feeding No. exam. 

April 100 2 100 4 100 9 

May 50 2 100 17 78.5 8 

June 50 4 50 2 100 2 

ely 100 2 89 9 100 2 

August S i 75 8 100 4 
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showed moderate feeding, with some feeding heavily in 

August. Apparently, the males are much more voracious 
feeders than the females and the juveniles. 

The monthly percentage occurrence of food items in the 
stomachs examined (Table 3) clearly indicates a prefer- 

ence for prawns (Acetes sp.) by the smaller Sepiella in- 
ermis throughout the months of this study. Both fish (main- 

ly Stolephorus sp.) and prawns (mainly Acetes sp.) were 

consumed by the larger cuttlefish. Both food items fluctu- 

ated slightly in their monthly occurrence in the diet of the 
predator. Crabs were found in the stomachs only in May. 
The crabs eaten were mainly xanthid crabs, Sphaerocius 

sp. and Porcellana sp. 
Laboratory experiments on food preference showed that 

the smaller-sized Sepiella inermis fed chiefly on Poecilia 
reticulata, with one Acetes sp. eaten by one of the 2 

cuttlefish (Table 4). The larger cuttlefish showed a pref 

erence for P reticulata, but they also fed on Acetes sp. and 

Dotilla sp., which were eaten in almost equal numbers. 

In the experiment on size selectivity, Sepiella inermis 
of the 15 to 20mm size class chose only the smaller prey 

(Table 5). Each of the 3 cuttlefish took only 3 fish 
which is probably their feeding capacity for prey about 
10mm in length. When a pure offer of 30mm prey was 
presented only one fish was taken per meal. It would 
appear, therefore, that when choice is available, as in the 
mixed offer, the smaller S. inermis exhibited a definite 

preference for smaller prey. 

The larger Sepiella inermis do not show a distinct pref 
erence for any particular size of prey. In the mixed offer, 
both sizes of prey were eaten in almost equal numbers 
(Table 5). 

Table 2 

Monthly Feeding Intensity in Relation to Sexand Maturity 

Juveniles Adult Males Adult Females 

Types Feeding Feeding s Feeding : 

Intensity S ; Intensity S a Intensity S 

Moin EP SR Sek aS pao Er Sh A © 
April OF One a 2 OF 20 3 0 2 0 O 2 
May i @ @ 2 2 eG SB -O 15 Oe 2 Sie 2a 2 
June dS el Olea 2: 4 1 On Oa 2 070) 2550 2 
July Oils etka ro O) 2 Ae) oem 9 OF Zena O) 2 
Aug. - = = = - Ay es lee 83 0" (0) 8 Hee 2ecl uO 4 

H: Heavy feeding 

F: Full stomach 

S : Slight feeding 
E: Empty stomach 

Table 3 

Percentage occurrence of Food Items in the Stomach 
of the Two Size Groups of Sepiella inermis 

< 25cm Mantle Length > 25cm Mantle Length 

Size of Number with Number with 

cuttlefish different food type No. different food type No. 

Month <Prawn Fish Crab exam. Prawn Fish Crab exam. 

April 2 0 0 2 4 10 0 14 
May 2 0 0 2 9 18 5 26 
June 2 0 0 2 9 4 0 9 
July 3 0 0 3 9 4 0 11 
August = - - = 5 5 0 9 
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Table 4 

Number and Types of Prey Consumed in Half an Hour 
by the Two Size Groups of Sepiella inermis 

given a Mixed Offer of Ten Individuals of each Prey Type 

THE VELIGER 

Size of 

Sepiella 

inermis 

15 - 20mm 

Replicate 

Number 

Prey Type 

Poecilia Acetes Dotilla 

reticulata sp. sp. 

NONnNnNOrF nor oo 

1 2 
2 3 

40 - 45 mm 1 6 

2 4 
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Acetes sp., are more easily captured than Stolephorus. 
However, in the laboratory more fish than prawns were 

consumed by the juvenile predator, although both prey 
species appeared to be equally slow swimmers. This pref- 
erence is probably due to the visual difference between the 

2 types of prey. Poecilia reticulata are usually coloured 

and more opaque than the Acetes, which are more trans- 

parent. The former species is therefore probably more easi- 

ly detected by Sepiella inermis. Illumination intensity in 

the laboratory may be higher than that in the sea and the 
transparent-looking Acetes under such conditions would 
probably be difficult to detect. 

Table 5 

Prey Size Preference by Two Size Groupsof Sepiellainermis 
(ten prey individuals per size group were offered 

at any one time) 

Size of Replicate No. of Poecilia reticulata consumed in 4 hour 

Sepiella Number Mixed Offer Pure Offer 

inermis 

15-20mm 

40 -45mm 

Onr OF NF 

10cm 30cm 10cm 30cm 

2 1 

Wo PR WO OO NwWw ooo oo Or 09 09 POO RK © 

DISCUSSION 

Boycott (1958) and Wetts (1962) have suggested that 
young Sepia officinalis feed instinctively on mysids; then 
they learn to feed on other prey as they grow older. This 

is probably not the reason why only Acetes sp. were found 
in the stomachs of juvenile Sepzella inermis. Since labora- 

tory experiments showed that juvenile S. znermis can feed 
on prey other than prawns, it indicates that Acetes con- 
sumption in the natural environment is not governed by in- 
stinct alone, but rather by the ease of capture of the prey. 
In the natural environment juvenile cuttlefish were prob- 
ably unable to capture the larger and faster swimming 

prey, such as Stolephorus sp. The preference for smaller 
Poecilia reticulata in the laboratory experiment also in- 
dicates the relative inability of smaller S. znermis to capt- 
ure larger and faster swimming prey. Thus, in the natural 

environment smaller and slower swimming prey, such as 

Adult Sepiella inermis, on the other hand, feed on both 

Stolephorus and Acetes in the natural environment. They 

are faster swimming and therefore able to capture the 

faster swimming prey, such as the Stolephorus sp. 

Both Stolephorus and Acetes are available in the seas 

around Singapore throughout the year, but their avail- 

ability is generally low in May (Kuoo, 1966). It is inter- 

esting to note that during this month crabs are also found 

in the diet of adult Sepiella inermis. These crabs are nor- 

mally found on the <kelong= poles and are readily avail- 

able. It would appear, therefore, that crabs are not eaten 

when the other food items, such as Acetes and Stolephorus, 

are abundant, but are only consumed when the latter food 

items are low in availability. 

Laboratory observations also showed a selectivity a- 

gainst crabs. The crabs, using their pincers, threaten and 

discourage all but the biggest and most hungry cuttlefish. 
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The burrowing habits of the crabs may also make detection 
and capture difficult. 

In conclusion, it appears that Sepiella inermis generally 
feeds on Stolephorus sp. and Acetes sp., with its feeding 
intensity and selectivity determined by the availability, 

the size, and the escape capability of the prey as well as 

the size and predatory response of the cuttlefish. 

ACKNOWLEDGMENTS 

We wish to thank Professor S. H. Chuang and the late 
Professor D, S. Johnson of the Zoology Department, Uni- 

versity of Singapore, for all the help they have given. 

Literature Cited 

Apam, W. & W. J. REEs 
1966. A review of the cephalopod family Sepiidae. 

John Murray Exped. XI, No. 1, 165 pp. 
Sci. Reprt. The 

Bipper, ANNE M. 
1966. Feeding and digestion in cephalopods. In: Wilbur & Yonge 

(eds.), Physiology of Mollusca 2. Acad. Press, London 
BoycortT, A. B. 

1958. The cuttlefish, Sepia. New Biol. 25: 98 - 118 
FERuSSAC, ANDRE DE & ALCIDE D9ORBIGNY 

1835-1848. Histoire naturelle générale et particuliére des cephalopodes 
acetabuliféres vivants et fossiles. pp. 1-361; 144 plts. 

Ho tine, C. S. 2 
1966. The functional response of invertebrate predators to prey density. 
Mem. Entomol. Soc. Canada No. 48. 

Kxoo, Honc-WHoo 

1966. A preliminary study of the physical, chemical and biological 
characteristics of Johore Straits. M. Sc. Thesis Univ. Singapore, 
152 pp. 

MEssENGER, J. B. , 
1968. The visual attack of the cuttlefish S. officinalis. 

hav. 16: 342 - 357 
Sasaki, MADOKA 

1929. A monograph of the dibranchiate cephalopods of the Japanese 
and adjacent waters. Journ. Coll. Agr. Hokkaido Imp. Univ. 20: 
1-357; 158 figs.; 30 plts. 

WELLs, Mary JANE 
1962. Brain and behaviour in cephalopods. 

163 pp. 
Witson, Douctras P. 

1946. A note on the capture of prey by S. officinalis L. Journ. 

Mar. Biol. Assoc. U. K. 26:421 - 425 

Anim. Be- 

Heinemann, London, 


